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1 Introduction

The proposal achieved many of its objectives. The main area of investigation was the inter-

action of young binary stars with surrounding protostellar disks. A secondary objective was

the interaction of young planets with their central stars and surrounding disks. The grant

funds were used to support visits by coIs and visitors: Pawel Artymowicz, James Pringle,

and Gordon Ogilvie. Funds were also used to support travel to meetings by Lubow and to

provide partial salary support.

2 Binary-Disk Interactions

2.1 Disk Sizes

We investigated the gravitational interaction of a generally eccentric binary star system with

circumstellar and circumbinary protostellar disks. We determined the disk sizes for tidally

truncated disks using SPH simulations and analytic methods (Artymowicz and Lubow 1994,

1995). These results have been used to infer properties of young binaries with observed disks,

such as GG Tau (Dutrey et al 1994) and HK Tau (Stapelfeldt et al 1998).

2.2 Orbital Evolution

We determined the effects of circumbinary and circumstellar disks on the binary orbital evo-

lution. Analytical and numerical approaches were used to determine the semimajor axis evo-

lution and eccentricity evolution of a binary due to disk interactions (Lubow and Artymowicz

1996, 1998). These studies provide a basis for understanding the eccentricity distribution of

young binary stars (Mathieu 1994) and possibly for the eccentricity distribution of planets

(Mazeh et al 1997).



2.3 Mass Flows Through Gaps

Tidal forces create gaps that separatecircumstellar and circumbinary disks. We found
through simulations that for somewhat warm and turbulent disks, massflows can occur
through gaps(Artymowicz and Lubow 1996). Material can flow from the inner edgeof the
circumbinary disk through the gap and becomeaccretedby the central binary. In the way,
the circumstellar diskswould not be depleted.Someevidencefor theseflowshasbeenfound
in studiesof infrared companionsor IRCs (Koreskoet al 1997)and in young binary DQ Tau
(Mathieu et al 1997).

3 Waves in Protostellar Disks

The torques that binaries or planets exert on disks axe dominated by resonant effects (e.g.,

Goldreich and Tremaine 1979, Ward 1986, Savonije et al 1994). At resonances, waves are

launched that carry energy and angular momentum. For a disk that is vertically isothermal,

the work cited above can be directly applied. A disk may not always be vertically isother-

mal, in particular if it is optically thick and has internal dissipation. Previous numerical

approaches to this problem ascribed the behavior to refraction (Lin et al 1990). We inves-

tigated the behavior of the waves semianalytically (Lubow and Ogilvie 1998, Ogilvie and

Lubow 1999). We found that the waves are channeled to the disk surface as they achieve

wavelengths that are less than the disk thickness. They behave as incompressible gravity

waves. Nonlinear wave damping is expected under some conditions.

4 Star-Planet Interactions

The discovery of extra-solar planets around solar-type stars ( Marcy and Butler 1998, Mayor

et al 1998) raised several questions about their interactions with the central star.

4.1 Effects Due to Star

The close-orbiting planets such as 51-Peg are subject to potentially strong tidal forces due

to the central star. We investigated the orbital evolution of a such a planet and found that

it is tidally unstable to orbital decay (Rasio et al 1995). However, because of the weakness

of the tidal dissipation by the star even at such close distances, the decay timescale is longer

than 101° years.

4.2 Effects Due to the Planet

The outer layers of a close-orbiting gas gaint planet are isothermal, due to the strong heating

by the central star (Guillot et al 1996). A tidal resonance can occur within the planet at the

interface between the convectively stable outer isothermal layers and the convective unstable

interior (Lubow et al 1997). As a result of this tidal resonance, the state of the planet can



be affected. The timescalefor spin synchronizationwascrudely estimated to be very short
comparedwith its lifetime. The orbital eccentricity decayis considerablylonger, but may
be of significance.
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